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A B S T R A C T

The Corona Virus Disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a Public Health Emergency of International Concern. However, so far, there are still controversies
about the source of the virus and its intermediate host. Here, we found the novel coronavirus was closely related
to coronaviruses derived from five wild animals, including Paguma larvata, Paradoxurus hermaphroditus, Civet,
Aselliscus stoliczkanus and Rhinolophus sinicus, and was in the same branch of the phylogenetic tree. However,
genome and ORF1a homology show that the virus is not the same coronavirus as the coronavirus derived from
these five animals, whereas the virus has the highest homology with Bat coronavirus isolate RaTG13.

To the Editor,

The Corona Virus Disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is a Public Health
Emergency of International Concern, posing a serious threat to people's
health as well as the medical and health system (Association, 2020; Su
et al., 2020). From December 12, 2019, when the first patient was
admitted to hospital to March 5, 2020, China has reported a total of
80,585 confirmed cases and 3016 deaths caused by SARS-CoV-2 in-
fection. To date, the disease has spread worldwide and become a ser-
ious infectious disease affecting human health worldwide. There are
17,637 confirmed cases and 338 deaths in more than 78 countries and
regions outside China. With the increasing number of the cases, the
World Health Organization (WHO) raised the assessment of the risk of
spread and impact of COVID-19 to very high at a global level on Feb-
ruary 28, 2020 (Association, 2020; Lai et al., 2020; Su et al., 2020).
To date, a large number of studies have proved the pathogen of

COVID-19 is a novel coronavirus, which belongs to the Coronavirus
family, Betacoronavirus genus and Sarbecovirus subgenus, with a linear
single-stranded positive-strand RNA genome of about 30 kb (Ceraolo
and Giorgi, 2020; Jiang and Shi, 2020; Lai et al., 2020; Li et al., 2020;
Lu et al., 2020; Zhou et al., 2020). However, so far, there are still
controversies about the source of the virus and its intermediate host.
The evolutionary analysis showed that the coronavirus was the most
similar to Bat coronavirus isolate RaTG13 (GenBank No.: MN996532),
with 96.2% nucleotide homology in the whole genome (Jiang and Shi,
2020; Zhou et al., 2020). Other groups suggest that pangolin, mink,
snake, turtle may be potential intermediate hosts for the virus
(Association, 2020; Guo et al., 2020; Ji et al., 2020; Lam et al., 2020; Li
et al., 2020; Liu et al., 2020a; Liu et al., 2020b; Xiao et al., 2020; Zhang
et al., 2020a; Zhang et al., 2020b), which still need more evidence to be
confirmed.
Here, we compared the sequences of SARS-CoV-2 and 39 cor-

onavirus isolates from other species (Supplementary Table 1) using
DNAMAN 6. As shown in Fig. 1, 41 isolates can be grouped into 4
clades, including genus Alphacoronavirus, Betacoronavirus, Gammacor-
onavirus, and Deltacoronavirus. Among which, two isolates of SARS-CoV-

2 belong to Betacoronavirus, with a close relationship to five other
isolates (GenBank Nos.: AY515512, AY613948, AY572038, KY417142,
and KY417150) derived from five wild animals, Paguma larvata, Para-
doxurus hermaphroditus, Civet, Aselliscus stoliczkanus and Rhinolophus
sinicus, forming the same branch of the phylogenetic tree. Further
analysis showed the homology of the whole genome of the seven viruses
was 89.07%. Among them, SARS-CoV-2 (NC_045512) has about 73.81,
73.60, 73.58, 74.58 and 71.98% homology with other isolates (except
the other SARS-CoV-2 isolate), respectively. Additionally, we pre-
viously found mink coronavirus had low similarity with SARS-CoV-2 in
the whole genome, ORF1a, ORF1ab, and S proteins, with 68, 46.96,
52.44 and 47.36% identities, respectively, subgrouping into distinct
clusters (Yang et al., 2020). Thus, since the homology of SARS-CoV-2
and these coronaviruses is less than 75%, it is presumed that SARS-CoV-
2 is not the same virus as the coronaviruses derived from these five wild
animals.
To further verify this speculation, three non-human coronaviruses

and three suspected host-derived coronaviruses were selected for
homology analysis. As shown in Table 1, SARS-CoV-2 and bat cor-
onavirus RaTG13 have the highest homology in the whole genome,
ORF1ab, nucleocapsid protein (N), and spike protein (S) genes. Fur-
thermore, the amino acid homologies of ORF1ab, N, S proteins of the
two viruses are 98.55, 99.05 and 97.41% respectively. These results
suggest the two viruses have a high genetic relationship, which is
consistent with the results reported previously (Jiang and Shi, 2020; Li
et al., 2020; Paraskevis et al., 2020; Zhou et al., 2020). Moreover, the N
protein of SARS-CoV-2 and bat coronavirus RaTG13 had 4 different
amino acids, which were 37S/P, 215G/S, 243G/S, and 267A/Q, re-
spectively. The S protein of the two strains has 33 different amino acids
(2.59%), with larger differences are located at 439–449 and 482–505 of
the S protein, respectively. Besides, it was reported that the SARS-CoV-2
virus has a unique peptide (PRRA) insertion, which may be involved in
the proteolytic cleavage of the S protein by cellular proteases, and
impact host range and transmissibility (Li et al., 2020). The PRRA motif
is located at the 680 of the SARS-CoV-2 S protein, but not in the S
protein of the bat coronavirus RaTG13. 103 different amino acid sites
(1.45%) were found in the ORF1ab protein of the two strains, with
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larger differences are located at 919–1227. On the contrary, the
homology between SARS-CoV-2 and coronaviruses from the other five
species (except pangolin coronavirus) is less than 90% (Table 1). These
results further indicate that the two viruses, SARS-CoV-2 and bat cor-
onavirus RaTG13, are closely related. Interestingly, the homology of the
whole genome, ORF1ab, N, and S genes of SARS-CoV-2 and another Bat
SARS-like coronavirus Rs4874 isolated from R. sinicus were less than
90% (Table 1), indicating the coronavirus carried by different bat in-
dividuals may be different.
Moreover, SARS-CoV-2 and pangolin coronavirus is also highly re-

lated (Lam et al., 2020; Xiao et al., 2020; Zhang et al., 2020b), but due
to incomplete sequence of pangolin coronavirus published in GenBank,
reasonable analysis cannot be carried out in this study. Besides, it was
reported that the SARS-CoV-2 virus did not come directly from pan-
golins (Li et al., 2020). Therefore, the relationship between SARS-CoV-2
and pangolin coronavirus and whether pangolin is the intermediate
host of SARS-CoV-2 need further investigation.
Notably, although the whole genome sequence of SARS-CoV-2 is

almost identical, with a similarity rate of 99.9% (Ceraolo and Giorgi,
2020; Li et al., 2020; Lu et al., 2020; Paraskevis et al., 2020), the virus
begins to mutate in patients (Zhao et al., 2020). Mutations of different
SARS-CoV-2 isolates mainly occurs in five genes, including S, N, ORF8,
ORF3a, and ORF1ab, with about 42% of the variations are non-sy-
nonymous mutation (Zhao et al., 2020). An increased level of viral

diversity was found in some SARS-CoV-2 infected patients (Shen et al.,
2020), suggesting that the virus has begun to adapt to the human en-
vironment and its genomes have begun to evolve in the population.
Therefore, in-depth detection and tracking of the mutation and evolu-
tion of the virus in the population, as well as a cross-species transmis-
sion mechanism, are urgent tasks to be carried out at present.
In summary, based on these results, we have some thoughts on the

research of the SARS-CoV-2 in the future: (1) the SARS-CoV-2 is closely
related to bat coronavirus RaTG13 but is far from coronavirus isolated
from other species analyzed in this study. However, is R. affinis the
storage host of the SARS-CoV-2? (2) If SARS-CoV-2 evolved from R.
affinis, whether there are other host involved in the mutation of the
virus; (3) If SARS-CoV-2 does not from R. affinis, the animal may also
serve as a key intermediate host for the recombination and evolution of
SARS-CoV-2; (4) due to the limitation of data, whether there are other
sources of SARS-CoV-2 is worth further investigation and analysis.
Supplementary data to this article can be found online at https://

doi.org/10.1016/j.meegid.2020.104285.
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Fig. 1. Phylogenetic analysis of coronaviruses from different species and 2019 novel coronavirus in China. The 41 complete genome sequences of coronavirus were
analyzed using MEGA 5.0. The phylogenetic tree was constructed using maximum-likelihood (ML) with a bootstrap of 100. Red triangle, SARS-CoV-2 isolate. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Homologous analysis of SARS-CoV-2 (NC_045512) and six other Coronavirus strains isolated from different hosts in China (%).

Isolate Host Complete genome ORF1ab N S

SARS coronavirus civet020(AY572038) Civet 73.58 79.23 87.79 71.41
Bat SARS-like coronavirus As6526 (KY417142) Aselliscus stoliczkanus 74.58 79.23 87.55 68.17
Bat SARS-like coronavirus Rs4874(KY417150) Rhinolophus sinicus 71.98 79.18 87.94 71.29
Alphacoronavirus Mink/China/1/2016(MF113046) Mink 34.97 38.47 33.70 30.89
Bat coronavirus isolate RaTG13(MN996532) Rhinolophus affinis 93.7 96.5 96.9 92.86
Pangolin coronavirus(MT084071) Manis javanica ? ? 95 90

Note: N, N protein. S, spike protein. ?, Sequence of Pangolin coronavirus (MT084071) is not completed in this part of the genome, there are many gaps needed to be
filled.
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